Objective: The aim of this study was to measure the extracellular matrix protein Spondin-2 (SPON2) in hepatocellular carcinoma (HCC) tissues and to determine its potential value as a prognostic indicator by assessing its correlation with clinicopathological variables and survival. Methods: SPON2 mRNA expression was assessed in 20 matched pairs of HCC and noncancerous liver tissues by quantitative reverse transcription-polymerase chain reaction analysis. SPON2 protein expression was determined in 107 matched pairs of HCC and normal liver tissue by immunohistochemical staining of tissue microarrays. Results: Analysis of patient tissues and Oncomine datasets showed that SPON2 mRNA and SPON2 protein expression were both significantly upregulated in HCC tissues, compared with non-cancerous liver tissue; moreover, both correlated significantly with tumor size. Kaplan-Meier analysis revealed that HCC patients who showed high levels of cytoplasmic SPON2 protein had poorer survival following curative resection, compared with HCC patients who exhibited low protein expression levels. Multivariate Cox regression analysis showed that tumor thrombus and SPON2 protein expression both independently correlated with reduced survival in HCC patients.
Introduction
In 2012, there were an estimated 782,500 new cases of liver cancer and more than 745,500 deaths due to the disease worldwide; more than 50% of these deaths occurred in China. 1 Most primary liver cancers (70%-90%) are hepatocellular carcinoma (HCC); notably, HCC is the third leading cause of cancer death in China, and was responsible for more than 400,000 deaths in 2015. 2 Although multiple risk factors for HCC have been identified, including chemical and viral exposure, it remains a particularly lethal disease because it is typically asymptomatic prior to reaching the terminal stage. Serum alphafetoprotein (AFP) is commonly used as a biomarker for HCC; however, it demonstrates low sensitivity and specificity. Moreover, its level varies with the tumor type and patient population. There is thus a critical need to identify alternative diagnostic and prognostic markers for HCC.
Spondin-2 (SPON2) is a secreted extracellular matrix protein and a member of the Mindin/F-Spondin family.
3 SPON2 has multiple functions in a variety of crucial cellular processes, including development of neurons, recruitment of inflammatory cells, and activation of the innate immune response. 4, 5 Recently, SPON2 overexpression was found in HCC, [6] [7] [8] colorectal carcinoma, [9] [10] [11] gastric cancer, 12, 13 Barrett's adenocarcinoma, 14 prostate cancer, [15] [16] [17] [18] [19] [20] ovarian cancer, 21, 22 pancreatic cancer, 23 pulmonary adenocarcinoma, 24 and breast cancer. 25 In addition, SPON2 has been proposed as a new serum and histological diagnostic biomarker, as well as an independent prognostic indicator for colorectal carcinoma, 10, 11 gastric cancer, 13 prostate cancer, 17, 19, 20 and ovarian cancer. 21, 22 SPON2 expression is elevated in HCC tumor tissues, compared with matched non-cancerous liver tissue. [6] [7] [8] Zhang et al. 8 reported that HCC patients with upregulated SPON2 expression had better overall survival (OS). However, an inverse relationship between SPON2 expression and OS has been found in other inflammatory tumors, such as colorectal carcinoma 10, 11 and gastric cancer. 13 Therefore, the relationship between SPON2 expression and prognosis in HCC remains unclear. The purpose of the present study was to assess expression of SPON2 mRNA and SPON2 protein in HCC and determine its association with clinicopathological features and patient prognosis. 
Materials and methods

Patients and tissue samples
TMA-IHC
TMA construction and IHC staining were performed as previously described. 26, 27 The anti-SPON2 primary antibody was from Affinity (#DF4682, China). Immunostaining levels were evaluated independently by two investigators who were blinded to the sample identities. The staining intensity was scored as: 0 (À, no staining), 1 (þ, weak staining), 2 (þþ, moderate staining), or 3 (þþþ, strong staining). The proportion of cells staining positive for SPON2 was also recorded. The product of the intensity score and percentage positive cells was recorded as the final SPON2 staining score (range 0-300). For analysis, samples were classified as "low" or "high" SPON2 protein expression based on a cutoff point of 100, which was identified by using X-tile software (Rimm Laboratory, Yale University, New Haven, CT, USA) as described previously. 28 Scores of 0 to 100 and 101 to 300 were considered low and high expression, respectively.
Bioinformatic analysis of the Oncomine database
Datasets of SPON2 mRNA expression in normal and diseased liver tissues were obtained from the Oncomine database (http://www.oncomine.org/resource/login. html) as described elsewhere.
11 "SPON2," "Hepatocellular Carcinoma," "mRNA," and "Cancer vs Normal Analysis" filters were applied as the search terms to compare SPON2 mRNA expression level between HCC and other liver tissues. "Survival Status" was applied as an additional filter to evaluate the association between expression and survival. "SPON2," "Hepatocellular Carcinoma," and "mRNA" filters were applied to evaluate the correlation between expression and clinicopathological parameters. SPON2 mRNA expression levels were further classified into greater than or less than the median groups according to the log 2 median-centered intensity value obtained with Microsoft Excel.
Statistical analysis
Statistical analysis was performed by using SPSS version 24.0 software (IBM Corp., Armonk, NY, USA) and Prism 6.01 software (GraphPad, La Jolla, CA, USA). Student's t-test was used to evaluate differences in SPON2 mRNA expression levels. The relationships between SPON2 mRNA or SPON2 protein expression and clinicopathological parameters were analyzed by using v 2 tests. Kaplan-Meier curves and the log-rank test were used to evaluate survival. Features verified to have statistically significant prognostic value in a univariate Cox regression model were then entered into a multivariate Cox regression model. Differences were regarded as statistically significant at P<0.05.
Results
Upregulation of SPON2 mRNA expression in HCC tissues
To assess whether SPON2 is differentially expressed in HCC and normal liver tissues at the mRNA level, we analyzed datasets obtained from the Oncomine database. SPON2 mRNA levels were significantly higher in HCC tissues, compared with noncancerous liver tissues, in the Roessler Liver dataset (n¼22, P<0.0001; Figure 1a ), Roessler Liver 2 dataset (n¼225, P<0.0001; Figure 1b) , and Wurmbach Liver dataset (n¼35, P¼0.0003; Figure 1c ). The Mas Liver dataset (Figure 1d ) showed no difference in SPON2 mRNA between normal and cirrhotic liver samples (n¼58, P¼0.1838) or between cirrhotic and HCC samples (n¼38, P¼0.0897); however, SPON2 mRNA was significantly upregulated in HCC tissues, compared with normal liver (n¼38, P¼0.0209). These analyses of a total of 320 HCC samples and 270 non-cancerous liver control samples indicated that SPON2 mRNA expression is increased in HCC. To confirm this result, we performed qRT-PCR analysis of SPON2 mRNA expression in tissues obtained from 20 HCC patients in our local population; SPON2 mRNA was significantly higher in HCC tissues, compared with matched non-cancerous liver tissues (n¼20, P<0.0001; Figure 2a ).
Upregulation of SPON2 protein expression in HCC tissues
Next, we analyzed SPON2 protein expression by IHC staining of a TMA composed of 107 paired HCC and matched noncancerous liver tissues. As shown in Figure 2b, 
Association between upregulated SPON2 expression and OS in HCC
To determine whether SPON2 mRNA expression correlated with OS in HCC patients, we performed a Kaplan-Meier survival analysis. Using the Hoshida Liver Statistics dataset (n¼118, including 80 completed and 38 censored cases) in the Oncomine database, no relationship could be detected between SPON2 mRNA expression and prognosis (log-rank test¼ 1.399, P¼0.2368; Figure 3a) . However, when the analysis was performed using the TMA-IHC dataset, high SPON2 protein expression in the cytoplasm of HCC cells correlated significantly with poor prognosis (log-rank test¼4.381, P¼0.036; Figure 3b ). 
SPON2 protein expression level as a prognostic predictor in HCC
We performed univariate and multivariate Cox regression analyses of SPON2 protein expression and clinicopathological parameters in the TMA-IHC dataset to identify potential predictors of OS and disease-free survival (DFS) in HCC patients. Univariate analyses indicated that tumor thrombus, BCLC stage, and SPON2 protein expression were significantly associated with OS and DFS in HCC patients (Table 3) . When these factors were included in a multivariate Cox regression model, tumor thrombus and SPON2 protein expression remained independent prognostic predictors for HCC (Table 3) .
Discussion
In this study, we evaluated a total of 320 cancer samples and 270 normal liver controls from four independent datasets in the Oncomine database; we determined that SPON2 mRNA expression is upregulated in HCC, compared with normal liver tissue. We verified these results by qRT-PCR analysis of 20 paired HCC and matched non-cancerous tissue samples from our local patient population. Furthermore, we examined SPON2 protein expression levels by TMA-IHC analysis of 107 HCC and matched non-cancerous liver tissues, which demonstrated that SPON2 protein levels were significantly elevated in HCC tissues, compared with normal liver tissue; this result is consistent with previous findings. 7, 8 Collectively, our results support an association between increased SPON2 expression and HCC carcinogenesis and/or malignancy. Recently, Zhang et al. 8 reported that SPON2 expression in HCC tissues was closely correlated with vascular invasion and tumor-node-metastasis stage. In the current study, we found that SPON2 protein expression correlated with differentiation grade, tumor diameter, and ChildPugh stage. Tumor size is an important predictor of vascular invasion. SPON2 is thought to promote viability, migration, invasion, and colony formation in colorectal carcinoma cells. 10 However, overexpression of SPON2 inhibits the migration and invasion abilities of HCC cell lines. 7, 8 These conflicting findings suggest that the role of SPON2 in cell migration and invasion is complex.
Tumors with limited invasive abilities are typically associated with better prognosis. Elevated SPON2 expression has been established as a prognostic biomarker for some inflammatory tumors, such as gastric cancer and colorectal carcinoma. [9] [10] [11] 13 However, the utility of SPON2 as a prognostic biomarker in HCC is unclear. In the current study, Kaplan-Meier analysis revealed that HCC patients with higher SPON2 protein expression had significantly worse OS, compared with patients with lower tumor protein expression; this suggested that SPON2 protein could be a useful prognostic biomarker for HCC. Consistent with this, SPON2 protein expression level and tumor thrombus correlated with OS in univariate analysis and were independent predictors of poorer OS in multivariate analysis.
One limitation of our study is that it was a retrospective observational study; thus, the results may not be representative of other HCC populations. Zhang et al. 8 reported that increased SPON2 expression in HCC patients was predictive of good survival. They speculated that SPON2 could prevent HCC progression by suppressing metastasis and facilitating M1-like macrophage recruitment to the tumor microenvironment. In contrast, Schmid et al. 10 found that SPON2 expression induced liver metastasis in xenografted mice. Therefore, the results of the current study must be verified in prospective studies with larger patient cohorts. Analysis of SuperPaths (http://pathcards. genecards.org) suggests that SPON2 may interact with various cellular pathways, such as the ERK, Rho Family GTPase, and MAPK signaling pathways (Jaccard similarity scores of 0.61, 0.61, and 0.58, respectively). It will be particularly useful to investigate whether and how these pathways might play a role in regulating SPON2 expression and function in HCC.
In conclusion, this study indicated that upregulated expression of SPON2 protein in HCC tissues is significantly correlated with reduced OS and DFS following curative resection. Measurement of the SPON2 protein level in tumor tissue may therefore be a valuable prognostic indicator for HCC.
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